Abstract-Although orthostatic hypotension (OH) is often considered a contraindication to blood pressure (BP) treatment, evidence is lacking. We examined the effect of BP goal or initial medication choice on OH in AASK (African American Study of Kidney Disease and Hypertension), a 2×3 factorial trial. Blacks with chronic kidney disease attributed to hypertension were randomly assigned 1 of 2 BP goals: intensive (mean arterial pressure, ≤92 mm Hg) or standard (mean arterial pressure, 102-107 mm Hg) and 1 of 3 initial medications (ramipril, metoprolol, and amlodipine). Postural changes in systolic BP, diastolic BP, or heart rate (HR) were determined after 2 minutes and 45 seconds of standing. OH was assessed each visit and defined using the consensus definition (drop in systolic BP ≥20 mm Hg or diastolic BP ≥10 mm Hg). Median follow-up was 4 years. Outcomes were congestive heart failure, stroke, nonfatal cardiovascular disease (CVD), fatal CVD, any CVD (composite of preceding events), and all-cause mortality. 
O rthostatic hypotension (OH) is a predictor of syncope, stroke, cardiovascular disease (CVD), and early mortality. [1] [2] [3] [4] [5] [6] It is also an important risk factor for falls in both middle-aged adults 1 and older adults with hypertension. 7 OH has been associated with both blood pressure (BP) treatment 8 and specific classes of antihypertension agents, such as α-1-blockers, 9 diuretics, 10, 11 and β-blockers. 8, 9, 12 These concerns have led to cautionary warnings in recent national guidelines about the initiation of antihypertensive therapy in adults with a prior history of falls. 13 Similar warnings have been voiced by other professional societies, 14, 15 despite secondary analyses of BP trials demonstrating that more intensive BP goals are not associated with risk of OH. 16, 17 Furthermore, several studies have shown that the chronic treatment of hypertension with certain medications, especially calcium-channel blockers and angiotensin-converting enzyme inhibitors, is associated with a reduction in OH or falls. [18] [19] [20] AASK (African American Study of Kidney Disease and Hypertension) examined the effects of 2 mean arterial pressure (MAP) goals (102-107 or ≤92 mm Hg) and 3 initial medication therapies (ramipril, metoprolol, or amlodipine) on kidney disease progression in black adults with chronic kidney disease (CKD) attributed to hypertension. 21 Throughout the trial, participants were assessed for OH and followed for the development of CVD and mortality. During the trial phase of AASK, a lower BP goal had no impact on mortality or kidney disease progression, but ramipril was more effective than metoprolol or amlodipine in slowing decline in kidney function. 22 However, the effects of these interventions on OH have not been reported.
In this secondary analysis of the trial phase of AASK, we had the following objectives: (1) determine the impact of BP treatment goal on OH and postural change in BP and heart rate (HR), (2) determine the effect of initial antihypertensive medication on OH and postural change in BP and HR, and (3) evaluate whether the relationship between postural change in BP or HR and CVD events or mortality was similar among subjects assigned different treatment goals or initial BP agents. We hypothesized that BP goal and choice of agent would not affect postural change in OH and would not influence the relationship between OH and CVD events.
Methods
Requests for data, analytic methods, and study materials should be directed to study authors.
Study Participants
As reported previously, AASK participants were self-reported blacks, aged 18 to 70 years, with CKD attributed to hypertension (glomerular filtration rate of 20-65 mL/min and diastolic BP (DBP) >95 mm Hg). Adults with diabetes mellitus (ie, a fasting glucose >140 mg/dL, a random glucose >200 mg/dL, or diabetes mellitus treatment), a urinary protein to creatinine ratio of >2.5, malignant hypertension in the preceding 6 months, secondary hypertension, or heart failure were excluded from this study. Participants were recruited from 21 academic centers primarily based on case finding from medical chart reviews. Adults with treated hypertension were required to meet qualifying BP criteria at only one clinic visit, whereas untreated adults with hypertension were required to meet qualifying BP criteria during each of 2 consecutive clinic visits. The mean number of years with hypertension was >10 years. 23 
Study Design
The AASK trial enrolled participants between February 1995 and September 1998. In this 2×3 factorial trial, 1094 participants were randomized to 1 of 2 BP goals: intensive BP control (MAP ≤92 mm Hg) or standard control (MAP of 102-107 mm Hg). Participants were also randomized to 1 of 3 initial medication therapies: metoprolol (a sustained-release β blocker), ramipril (an angiotensin-converting enzyme inhibitor), or amlodipine (a dihydropyridine calcium-channel blocker). As a result, it was possible to be randomized to 1 of 6 intervention assignments (intensive ramipril, intensive metoprolol, intensive amlodipine, standard ramipril, standard metoprolol, or standard amlodipine). To achieve assigned BP goals, the assigned medication was maximized first (based on tolerance and safety thresholds). If further therapy was necessary, other antihypertensive medications (furosemide, doxazosin, clonidine, and hydralazine or minoxidil) were sequentially added. Follow-up for the trial ended on September 30, 2001 . 21 The primary outcome of AASK included any of the following criteria: (1) a confirmed, 50% reduction in glomerular filtration rate or a reduction by 25 mL/min per 1.73 m 2 from baseline; (2) end-stage renal disease, defined as a need for renal replacement therapy; or (3) death.
Orthostatic Hypotension
Seated and standing vital signs (systolic BP, DBP, and HR) were measured during prerandomization and follow-up visits in research clinics. As a result, participants could have OH detected before or after allocation to the different treatment options. Prerandomization visits comprised both screening visits and BP medication titration visits. There were, on average, 3 to 4 prerandomization visits per participant. Follow-up visits occurred monthly for the first 6 months and then every 2 months for the trial duration. 24 Follow-up visits were intermittently more frequent as needed for closer BP monitoring or medication titration. Participants were asked to refrain from exercise, caffeine, and smoking at least 30 minutes before and until completion of each BP measurement. Participants sat quietly for 5 minutes with their feet flat in an upright position. Then with 1 palm turned upward, radial pulses were counted via palpation for 30 seconds and multiplied by 2 to determine HR over a full minute. Afterward, 3 BP assessments were performed by certified, trained, observers using a Hawksley random zero sphygmomanometer. The mean seated, resting BP was determined based on the second 2 of 3 measurements. 22 The participant was next asked to stand quietly for 2 minutes. The observer then raised the participant's arm for 15 seconds and placed their arm on an adjacent table. HR was palpated for the ensuing 30 seconds and multiplied by 2 to convert to beats per minute. At 2 minutes and 45 seconds, the observer performed a single standing BP assessment.
Postural change in SBP, DBP, or HR from the seated to standing position was determined by taking the standing measure and subtracting the mean seated measure for SBP, DBP or HR. OH was defined using thresholds based on the original consensus definition, that is, a decrease in either SBP or DBP of at least 20 or 10 mm Hg, respectively. 25, 26 We also examined orthostatic tachycardia based on an increase in HR of at least 20 bpm, using a clinical definition. 27 OH was defined by its individual components, as well as using each of 2 composite definitions: the consensus definition (either SBP or DBP) or a clinical definition based on either OH or orthostatic tachycardia (met at least 1 of the 3 criteria based on SBP, DBP, or HR).
Clinical Events
During the trial, participants were followed for death as well as hospitalizations for CVD (eg, myocardial infarction, stroke, heart failure, and revascularization). All hospitalizations were reviewed for CVD events based on a prespecified protocol by the Cardiovascular Outcomes Committee (blinded to randomization assignment). See Figure S1 in the online-only Data Supplement for the original adjudication form. Events were reviewed by 1 to 3 committee members. In the present study, events were considered definite or probable if at least 1 (in cases of 1 or 2 adjudicators) or 2 (in cases of 3 adjudicators) determined that the event met the qualifying criteria. CV outcomes of interest were (1) congestive heart failure (CHF), (2) stroke, (3) nonfatal CVD, (4) fatal CVD, and (5) any CVD event.
CHF was defined as hospitalization for CHF or a questionable CHF hospitalization (1 of 3 adjudicators) with use of related therapy, namely, an ionotropic agent, vasodilator, angiotensin-converting enzyme inhibitor, increased dose of diuretic, ultrafiltration, or dialysis. Stroke was defined by clinical report of a permanent neurological deficit lasting at least 24 hours in duration or a questionable clinical report (1 of 3 adjudicators) with either hospitalization related to stroke or confirmation by radiographic imaging. Nonfatal CVD events were based on a clinical report of a myocardial infarction or a cardiac revascularization procedure without evidence of death. Fatal CVD was determined based on chart review of all deaths by the adjudication committee. Any CVD event was defined as any CHF, stroke, nonfatal CVD, or fatal CVD events based on the definitions above. In addition, we included any events that met the trial's CVD criteria for a secondary outcome, a tertiary outcome, or a CVD hospitalization (see item 11 in Figure S1 ). We also examined all-cause mortality (mortality from any cause). As end-stage renal disease was one of the primary outcomes of the AASK trial, follow-up ended with end-stage renal disease (except for mortality). Participant hospitalizations were not tracked post end-stage renal disease.
Other Covariates
Body mass index was determined from standardized measurements of height and weight. Creatinine and glucose were measured in serum collected before randomization using standard assays. 21 Baseline SBP, DBP, or HR were the first recorded value for each participant who was enrolled in the study.
Statistical Analysis
Study population characteristics were described using means (SD) and proportions, overall and by the 2 BP goals and by the 3 initial medications. Kernel density plots were used to model the distribution of SBP, DBP, or HR in seated or standing positions, as well as the distribution of postural change between position (standing minus seated measures) by baseline values (prerandomization visits) and BP goal, as well as by initial antihypertensive medication.
Generalized estimating equations (normal family, identity link, and exchangeable correlation structure) with a robust variance estimator were used to determine the effect of BP goal (intensive versus standard) or initial medication assignment (metoprolol versus ramipril, amlodipine versus ramipril, or metoprolol versus amlodipine) on SBP, DBP, or HR in seated or standing positions as well as on postural change, that is, standing minus seated measures. Generalized estimating equations (binomial family, logit link, and exchangeable correlation structure) were also used to examine the effect of BP goal (intensive versus standard) or initial medication assignment (metoprolol versus ramipril, amlodipine versus ramipril, or metoprolol versus amlodipine) on OH defined by postural change in SBP, DBP, or HR alone, OH defined by the consensus definition (postural change in SBP or DBP), or OH defined by a composite definition (postural change in SBP, DBP, or HR). In the models above, the multiple follow-up visits were treated equally regardless of postrandomization timing. Both BP goal and initial antihypertensive medication assignments were included in these models. Note that all generalized estimating equation models use a Huber/White/Sandwich estimator of variance that does not rely on correct specification of the withingroup correlation matrix allowing for conservative and yet valid variance estimation. 28 We modeled the association of postural change in SBP, DBP, or HR with CVD outcomes (CHF, stroke, nonfatal CVD, fatal CVD, and any CVD) or all-cause mortality using Cox proportional hazards models adjusted for age and sex. Models of BP goal were further adjusted for initial medication, whereas models of initial medication were further adjusted for BP goal. Analyses involving the overall population were adjusted for both BP goal and initial medication. Postural change was treated as a time-varying covariate, varying at each follow-up visit. In cases of missing visits, the prior BP measurement was carried forward. The association between postural change in SBP, DBP, and HR was compared overall, across BP goals, and across initial medication assignments. Interaction terms were used to determine whether the associations differed by BP group or initial antihypertensive medication (metoprolol versus ramipril, amlodipine versus ramipril, or metoprolol versus amlodipine). We also compared F statistics via Wald tests to evaluate the addition of all initial antihypertensive medication interaction terms overall. OH definitions were only examined overall (versus by BP goal or medication assignment) in sensitivity analyses because of limited numbers of events between treatment groups.
All analyses were conducted with STATA version 14.0 (Stata Corporation, College Station, TX).
Results

Population Characteristics
Of the 1094 trial participants, mean age was 54.5 years (SD=10.7), and 38.8% were women ( Table 1 ). The mean SBP was 150.3 (SD=23.9) mm Hg, DBP was 95.5 (SD=14.2), and HR was 72.0 (SD=12.6). Mean body mass index was 30.6 kg/ m 2 (SD=6.6), mean serum creatinine was 2.0 (SD=0.7) mg/ dL, and serum glucose was 95.0 (SD=18.5) mg/dL. Population characteristics were similar across randomized groups. Three participants dropped out before the first follow-up visit, and there was 1 death before the first follow-up visit. 
Absolute Levels of Postural Change in SBP, DBP, or HR
We examined the distribution of SBP measured during prerandomization visits and by BP goal measured during postrandomization visits ( Figure 1A through 1C) . There was a leftward (downward) shift in the distribution of SBP from These characteristics values represent the earliest visit of participants enrolled in the study (almost always the screening visit). Participants had on average 3.6 visits (screening visits or blood pressure medication titration visits) during the period preceding randomization. AASK indicates African American Study of Kidney Disease and Hypertension; DBP, diastolic blood pressure; and SBP, systolic BP.
prerandomization with a greater shift observed among those assigned the intensive BP goal. Similar shifts in SBP distributions were observed after 2 minutes and 45 seconds of standing. The postural change between standing and seated SBP measurements was nearly identical prerandomization and during follow-up in the intensive and standard BP goal groups. Findings were similar for DBP and HR with virtually identical differences in postural change during prerandomization visits and during follow-up in the intensive and standard BP groups (Figures S2A through S2C and S3A through S3C).
Distributions of SBP measured during follow-up were examined by the 3 randomized initial medication assignments (Figure 2A through 2C) . Both seated and standing SBP measures were similar across medication classes. This was also observed for DBP and HR (Figures S4A through S4C and S5A through S5C).
We examined the effect of treatment goal on the difference in postural change for seated and standing SBP, DBP, and HR during follow-up (Table S1 ). Compared with the standard goal, the intensive goal further lowered seated SBP by −10.28 mm Hg and standing SBP by −9.97 mm Hg, with no significant difference between the 2 measures (Δ=0.31 mm Hg; 95% CI, −0.49 to 1.12). Similarly, compared with the standard group, the intensive goal further lowered seated DBP by −6.46 mm Hg and standing DBP by −5.84 mm Hg with a significant difference (Δ=0.61 mm Hg; 95% CI, 0.02-1.20). There was no difference in HR (seated, standing, or the difference) between participants assigned to either intensive or standard BP goal.
Metoprolol was associated with a small drop in SBP after standing compared with ramipril (−1.11 mm Hg; 95% CI, −2.02 to −0.20), but there was no difference in corresponding postural changes in SBP between metoprolol and amlodipine and between amlodipine and ramipril (Table S1 ). There was no difference in DBP on standing between metoprolol, ramipril, or amlodipine. In contrast, there were greater drops in HR after standing from metoprolol versus ramipril (−1.50 bpm; 95% CI, −1.87 to −1.14) and versus amlodipine (−1.30 bpm; 95% CI, −1.74 to −0.85). Postural HR change did not differ between amlodipine and ramipril. 
Relationships of OH With BP Goal and Medication Assignment
Intensive versus standard BP goal was not associated with any of the individual components of OH nor composite definitions (Table 2) . Conversely, metoprolol versus ramipril was associated with higher odds of OH based on SBP (odds ratio, 1.71; 95% CI, 1.15-2.53) and consensus OH (odds ratio, 1.58; 95% CI, 1.14-2.20). Metoprolol was also associated with higher odds of OH based on SBP versus amlodipine (odds ratio, 1.88; 95% CI, 1.04-3.14). As expected, Participants were assigned to 1 of 6 interventions: intensive ramipril, intensive metoprolol, intensive amlodipine, standard ramipril, standard metoprolol, or standard amlodipine. Models were adjusted for initial medication in the blood pressure goal comparisons and adjusted for blood pressure goal in the initial medication comparisons. BP indicates blood pressure; DBP, diastolic BP; HR, heart rate; OR, odds ratio; and SBP, systolic BP. *P<0.05. Overall models were adjusted for age, sex, blood pressure goal, and initial medication. Models within strata of BP goal were adjusted for age, sex, and initial medication. BP indicates blood pressure; CVD, cardiovascular disease; DBP, diastolic BP; HR, heart rate; and SBP, systolic BP.
*Of the original 1094 randomized, 4 did not attend any follow-up visits. Denominators vary based on nonfatal events that occurred before follow-up visits. †P<0.05.
metoprolol was inversely associated with orthostatic tachycardia.
Postural Change in SBP, DBP, or HR and Clinical Events
The median follow-up time for each outcome was 4 years. Overall, for each 10 mm Hg drop in SBP after standing, there was a higher risk of stroke (HR, 1.38; 95% CI, 1.14-1.66), nonfatal CVD (HR, 1.23; 95% CI, 1.13-1.34), and any CVD (HR, 1.21; 95% CI, 1.11-1.32; Table 3 ). We observed a borderline nonsignificant interaction between intensive and standard BP goals with regards to drop in SBP after standing and stroke (HR was 1. (Table S2) . OH based on SBP or the consensus definition for OH (based on SBP or DBP) was also associated with nonfatal CVD and any CVD. The composite definition of OH or orthostatic tachycardia was associated with nonfatal CVD. None of the definitions were associated with CHF, fatal CVD, or all-cause mortality. We evaluated whether postural change in SBP, DBP, or HR was associated with clinical events by initial medication (ramipril, metoprolol, and amlodipine) and whether there was effect modification (Table S3 ). In general, there was little difference between initial medications.
Discussion
In this trial of black adults with CKD attributed to hypertension, the intensive BP goal did not affect postural change in SBP, DBP, or HR. Use of metoprolol as an initial medication compared with either ramipril or amlodipine increased the odds of having OH defined by SBP and reduced the odds of OH by HR, whereas the absolute effects of metoprolol on SBP and HR were small. While postural changes in SBP or DBP were associated with CVD events, BP goal or initial medication had minimal impact on these associations.
BP treatment has been associated with OH in some observational studies, 8, 29 while others report no association. 7, 18, 30 Recently, trials of treatment goal have not shown that more aggressive BP treatment increases risk of OH. 16, 17 In a secondary analysis of the ACCORD trial (Action to Control Cardiovascular Risk in Diabetes), an SBP goal of <120 mm Hg versus <140 mm Hg was not associated with OH (odds ratio, 0.93; 95% CI, 0.80-1.07). Similarly, in the SPRINT trial (Systolic Blood Pressure Intervention Trial), an SBP goal of <120 mm Hg versus <140 mm Hg actually lowered the risk of OH (HR, 0.88; P=0.01), despite increasing the risk of hypotensive episodes and syncope. 17 Our study similarly demonstrates that BP goal (MAP ≤92 mm Hg versus MAP of 102-107 mm Hg) had no effect on OH after 2 minutes and 45 seconds of standing. It is possible that BP treatment impacts severity of drop in BP immediately after standing as reported by others 12 ; however, AASK was not designed to address this issue. It should also be noted that some guidelines define OH as a standing SBP <90 mm Hg. Although this was not a focus of the current report, the leftward shift in the distribution of standing SBP in the intensive group was consistent with a higher prevalence of SBP <90 mm Hg.
In this study, metoprolol compared with ramipril or amlodipine was associated with higher odds of having OH based on definitions that included SBP (but not HR). This is consistent with prior literature on β blockers and OH. 8, 9, 12 It should be noted that the association between postural change in SBP, DBP, or HR with CVD events did not differ among those with metoprolol compared with ramipril or amlodipine. β-blockers reduce the heart's ability to augment HR and cardiac output in response to gravity-induced shifts in intravascular volume, causing greater drops in BP upon standing. 31 The fact that metoprolol, and more broadly β-blockers as a class, influence postural changes in SBP and HR in differing directions is important for the identification of OH in clinical practice.
Despite the many studies showing a relationship between OH and CVD events, 3, 5, 6, [32] [33] [34] [35] as well as CVD mortality, 6, 33, 36, 37 several studies do not support this association. [38] [39] [40] [41] In fact, while the ACCORD trial found OH to be associated with death and heart failure, it was not associated with atherosclerotic events. 16 Despite the limited number of CVD events in AASK, our study demonstrated significant associations between postural change in SBP and DBP with nonfatal CVD or any CVD event. Further, postural change in SBP was significantly associated with a higher risk of stroke. However, we did not find significant associations with mortality, fatal CVD events, or CHF.
Our study has several limitations. First, this trial was limited to black adults with CKD attributed to hypertension. Most were middle age. Adults with other diseases associated with OH, for example, Parkinson's disease or diabetes mellitus, were not enrolled in this study. Also, it should be noted that many participants were obese, which may affect generalizability. Second, subtypes of cardiovascular events (eg, fatal CVD, stroke, or CHF) were few, which limited power to study the association of OH with clinical outcomes. Third, the OH protocol relied on a single measurement performed 2 minutes and 45 seconds after participants went from seated (versus supine) to standing. Details related to delays in the standing procedure, the number of measurement attempts, or the actual time that measurements resulted were not recorded. This could contribute to missed OH. Recent studies have demonstrated value from early measurements of OH initiated immediately after standing. 2, [42] [43] [44] [45] Furthermore, measuring OH from a seated position may have blunted the full gravitational effect of posture change and possibly reduced our ability to detect OH, resulting in misclassification. Fourth, we did not have details related to falls or syncopal events, both at enrollment or during follow-up, which are important outcomes related to OH. As a result, we are unable to comment as to the effects of BP goal on these important clinical outcomes based on this study. These events could represent a disadvantage to more intensive treatment if intensive therapy were found to cause these events. Fifth, this study was concluded in 2001.
However, the data while old still are extremely relevant given renewed interest in lower BP goals and the common use of most medications, particularly ramipril and amlodipine. Finally, the association between OH and CVD is derived from an observational analysis with the potential for confounding.
This study has several strengths. First, the randomized design of the AASK study allowed us to evaluate whether treatment goal or initial BP medication caused OH or altered the association of postural change in SBP, DBP, or HR with clinical events. Second, our study included 4 years of follow-up and an adjudication process, which minimized misclassification of events. Third, OH measurements were obtained via a standardized protocol with rigorously trained staff, minimizing imprecision and bias. Last, the many visits in this study resulted in 52 864 OH assessments, including measurements before and during follow-up, which allowed for OH to vary over the follow-up period in our models. This large number of repeat measurements is rarely available in other datasets.
Perspectives
This study has important implications. Our study extends prior reports by showing that a more intensive BP goal does not cause OH after ≈3 minutes. This finding is especially important given that the recent American College of Cardiology/American Heart Association guidelines recommend a more intensive BP goal in many patients with hypertension. 13 Second, this study illustrates how the presence of OH may differ by initial BP medication (in this case metoprolol); importantly, the relationship of OH with CVD effects did not differ by initial medication.
In conclusion, findings from our study should further mitigate concerns that an intensive BP goal might cause OH. Replication of our study is warranted in other populations, for example, older people, non-black people, people with diabetes mellitus, and people without CKD.
